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BODY SCANNER 



Field of the Invention 



The invention relates to body scanners . 

s 

Background 

The invention relates more particularly to photographic 
body scanners that are capable of forming images or 
records of a body for use in making up suitable 

10 ■ garments- Such records may be used in other fields such 
a surgery or pathology where 3 -dimensional information 
is required. Although various imaging 

tcchni quo techniques are known using laser sources and 
mechanical plotting of images, the present invention is 

is directed to scanners that incorporate projection moir6 

topography where we have now been found it possible to 
create scanner systems that are physically compact^ 

relatively low in cost_^ and require a short scanning 

distance . 

20 

Although various non- contact imaging techniques are 
known which use a laser or infrared light source , they 
require time to move the sensors to scan a human body, 
which also affects the data accuracy. Laser strobe or 
25 invisible light spectrum radiation may also cause harm 

to human eyes and organs* 
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Summary of the Invention 

It is an object of the invention to overcome or at least 
reduce these problems. 

According to the invention there is provided a compact 
moire effect body scanner for generating 3-D images, the 
scanner including an elongate projection module having a 
light source, a first objection lens for directing a 
beam of light from the source along a first central 
longitudinal axis, a first photographic grid for the 
beam of light and mounted in a plane at right angles to 
the first central axis to allow light to illuminate a 
body to be scanned, and an elongate imaging module 
adjacent the projection module having a second central 
longitudinal axis parallel to the first central axis, 
the imaging module incorporating a second objective lens 
for receiving reflected from the body, a second 
photograph grid for the reflected light and mounted in a 
plane at right angles to the second central axis, and an 
imaging means for recording the reflected deformed 
grating from the body captured beyond the second 
photographic grid. 

The imaging means is preferably a digital camera. 

25 

The first and second objective lenses preferably have 
the same focal length and are mounted in a same common 
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plane. 

Nodal points of the two objective lenses preferably are 
separated by the same distance from the respective 
5 photographic gride . 

Brief Description of Drawings 

A compact moirS effect body scanner according to the 
invention will fie fenow be described by way — or example 
10 with reference to the accompanying drawings in which;- 

Figures 1A, IB, and 1C are moir6 contour pattern images 
of a front, side and rear view of a human torso; 

is Figure 2 is a schematic view of a set-up of the scanner 

to images of a human body; 

Figure 3 shows typical high density parallel equal 
spatial gratings for use in the scanner, and 

20 

Figure 4 is a schematic layout showing components of the 
scanner. 

Detailed Description 
25 Embodiments of the invention comprise a compact design 

of photographic 3D scanners that are capable of forming 
accurate moire topographic images from a human body 
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surface at short distance, in a short duration^ and that 
are light-weight, and low- cost for use in making perfect 
fit garments. Such records may be used in other fields, 
such as surgery or pathology where three-dimensional 
5 information is required. 

The embodiments of the present invention comprise 
scanners that modify a technique of projection moire 
topography- The basic technique uses optical 

interference that occurs fey — from two identical high- 
density gratings. When the reference grating is 
projected onto the surface of human body fey — with an 
objective lens, its varying dimension will deform the 
grid line shadow. This deformed style of grating is 
then reflected and captured by another identical 
objective lens simultaneously. When the deformed 

reference grating passes through the parallel detection 
grating, the relative displacements of one grating with 
respect to the other is provided, (see Figures 1A, IB 
and 1C) 

It is^ however^ possible for embodiments of the present 
invention to operate under normal light conditions. 
High-speed pulse light w- ith in the v isible spectrum is 
25 used as a safe light source. The scanner syBtem can 

capture 3D human body images from a short distance^ up 
to O.B meters (see Figure 2^) . quickly^ within 1/1500 

4 00880 
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second. The scanner is physically compact, light weight 
and relatively low in cost. Such a design, of a high 
speed and high quality moire compact scanner, fulfills 
the contemporary market requirement. Short focal length . 
objective lenses are used to cover a wider projection 

area of ^fee — a field up to 1109,94mm vertical and 

924.95mm horizontal at a 1200mm distance. The coverage 
at 800mm distance is 721 * 74mm vertical and S01 . 45mm 
horizontal . 



A high density parallel grating (see Figure 3) is made 
by using Kodak type #160-01 special glaBS plate, in 
order to avoid optical aberration and high light - 
diffraction factor due to the wide angle of light rays 

is and adjacency of a rear nodal point. Since a light 

sensitive emulsion layer is less than 5 microns thick , 
it decreases the optical diffraction rate and increases 
the resolution and contrast of the moire contour; this 
improves sharpness around edges of images. The emulsion 

20 is coated on a quality soda lime type optical flat glass 

base. It is therefore a highly transparent optical 
glass exhibiting stable d i mcno i o n dimen s i ons having only 
1.5mm thickness- This will increase image quality and 
ensure data accuracy. To prevent noise resulting from a 

25 high fog level index of photographic silver bromide 

emulsion, a modified photographic film-developing 
chemical is also applied to achieve a high contrast 
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range of 2.90 at Light Opacity Log Be, which produces 
low fog level and increases the resolution. Multi- 
coating is used on each air-glaBs surface with a 
thickness of 1/4 wavelength of the incident light wave 
within the visible spectrum. This increases the light 
transmission and reduces reflection. 



A flash unit is used to produce 1600 watt seconds of 
pulse light in the visible spectrum at 400 to 700 nm as 

10 a projection light source. Although the light intensity 

is powerful, it will not incur any harm to the human 
body. The image capturing duration takes less than 
1/1500 second and so minimizes any adverse effects that 
would normally be caused by body movement. A piece of 

15 UV heat absorption glass and low pass filter is applied 

to cut off long wave infrared and to control the light 
wavelength to within 400 to 700 mm. This is used not 
only to maintain a higher safety factor, but also 
reduces chromatic aberration due to the light dispersion 

20 of optical glass when a wide range of light wavelength 

passes through the optics. Another purpose of this heat 
absorption glass is to prevent changes in the dimension 
and density of the glass plates, especially for the 
projection grid. 



25 



The design of image optical system that transfers the 
unparalleled i-^ghfe seay — non-parallel light rays of 
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contour images into the objective lens requires special 
mention. This is called the v field lens" (optical 
transfer component) which has an aepherical curved 
surface to correct some optical aberration such as 

5 spherical aberration, barrel or pincushion distortion 

and field curvature which is caused by the objective 
lens. The light rays are collected by a group of 
Fresnel lenses so as to condense the light passing 
through the photographic grid plane. High-density 

10 parallel reference gratings with equal ^ e cG of egually 

spa ced lines and gaps are projected onto a human body by 
the objective lens. The lens aperture is predetermined 
to produce sufficient depth-of -field to cover a required 
part of the human body. The reflecting grating image 

15 from the body is deformed due to its varying dimensions 

and is simultaneously captured by the other objective 
lens. The gratings have the same lens aperture for 
obtaining identical depth-of -field, depth-of focus and 
image magnification as the projection system. The 

2 o Manages — ei — deformed grat ing paop image passes through the 
detection grid that is located at the focal plane of the 
image capture objective lens. The optical interference 
occurs and forms a moir6 contour map. 

25 Since the angle of light rays of the contour map from 

two objective leno — lenses are not in a parallel point 
source condition, the scanner cannot capture the full 
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frame image by using the other objective lens of a 
digital camera. A group of optical transfer system 
field lenses would be required in between the detection 
grid and the objective lens of the digital camera. One 
5 surface of the field lens is a— spherically designed to 

balance the spherical aberration and the curvature of 
field caused by the objective lens, and one surface of 
the field lens is plano-convex. The function of field 
lens group is to capture the light rays and refract them 
10 as a parallel point source which is well suited to form 

the full frame image by an objective lens. Finally, the 
contour image is formed and recorded by the digital 
camera within a_short duration of time. A digitized 
bitstream signal of contour data is provided for image 
is analyses and generation of 3 -dimensional data of the 

human body. 

Thus, in the embodiment, the scanner comprises two 
objective lenses, with a the same focal length and 

20 optical design, located in parallel in the same common 

plane. Nodal points of the two lenses are at the same 
distance from the respective grid planes. Two piccca of 
high-density grid planes have e^ rua l egually spaced 
identical black and white photographic glass gratings of 

2 5 a density of 17 line pairs per mm for capturing images 

from a distance of 800 mm. The two grid planes are 
placed in parallel behind the objective lenses. One 

4 00880 
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grid or grating is for light projection and the other is 
for image detection. 

Referring to Fi gure 4 , t he layout of the scanner shows 

an objective lens 1 for high-density parallel black and 
white line grid projection towards the human body- An 
obje ctive 1 ens is arranged to receive the deformed 
g rating image reflected from the human body. An optical 
transfer system 3__, 4 chang e s the light rays from a non- 
parallel to a parallel form, which is suitable for 
another objective lens to capture whole images and re- 
form the images o nto a c harge -coupled device. The 
optical transfe r system includes two field lenses 3 and 
4. The lens 3 is a plano-convex lens made of optical 
1 5 gla s s with an optical mult i -coating (radius * 77.52mm). 

The lens 4 is, a double- c onvex lens made of PMMA highly 
transparent opt i cal plastic material; one side of the 
lens is spherical and the other side is aspherical 
(respective radius 167.2 7 64mm and ,35 . 21515) . Two grid 
planes 5 are formed of soda lime optical planar glass 
providing high density black and white grids of hig h 
resolution and high contrast and formed with ultra thin 
chromium emulsion. Both sides of the grid planes are 
mult i -coated. 



20 



25 



A double- convex glass condenser 6 has one spherical side 
and one aspherical side with a an optical filter 7 and 8 
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a t each side. The filters 7 and 8 are used for 

abs orbing heat and removing ultra-violer. light, 

respectively- The filters increase resolution of the 
line grid when it is projecte d onto the surface of the 
5 target and prevent heat energy from changing the 

d imensions of the ...glass grid . A planar optical 

diffusion glass 9 diffuses projected light to prevent 
hot-spot imaging of a f l ash tube onto the human body 
which can be caused by a greater depth of focus when the 

i o objective lens works with a small aperture. A honeycomb 

metal s c reen 10, with 50% light o pacity at its central 
region and 5% opacity at its edges , balances out an 
optical vignette caused by the short focal length 
objective lens 2. The screen produces a more even 

15 illumination of the whole image, 

A digital camera 11 has an objective lens 12, which can 
form a maximum of 1:2 close distance, and a high speed 
1/500 second focal plane shutter 13 is _ used to cut off 
20 ambient light. A CCD light sensor 14 iB built in at the 

focal plane of the camera. A n alogue to digital encoders 
and generator 15 supply signals to a personal computer 
(PC) . 

25 A flash unit includes a cooling fan 16 and a U-3haped 

flash tube 11 * The flash tube has a UV coati n g which 
can endure 3200 -watt power energy and produce 56 0Q°K 

4 0055 0 
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gpec trum light pulses- A flash intensity of 1600 joules 
produces sufficient light proj e ction with a f laah 
duration of 1/1666 seconds. An optical reflector 18, 
made of aluminium, collects and dif f uses flash light 
from a 260 degree angle and reflects the flash light to 
100 degree front directional. A ceramic lamp base 1 9 
holds the flash tube 17 and is arranged to receive a 
power supply via a transfo rmer 2 0 f rom PC capacitors 21, 
22 . There are sixteen capacitors 21 rated at 360V and 
1500 microfarads e ach, and e i ght capacitors 22 rated at 
4 0 0 volts and 100 microfarads each. A rectifier circuit 
23 f limiting resistor 24 and flash trigger circuits 25 
co mplete a power supply circuit for the flash unit. .T he 
f lash un i t is arranged to se l ectively produce thr ee 
levels of intensity of light, namely 400, 800 and 1600 
watt seconds. 



Re f c r r ing-» te< 

an ob j octave lcno — 1 for—high dcnoit - y— parol lol black and 

20 white — lino - - g rid proj -eefe- ion towards — fehe — human body . Aa 

e- bjcct — lone — i-e — arranged — fee — rccoivo deformed — grating 

image — ro - f - le efeed: from - frho — human — kedy-. Aa — epfe-i-ea^: 

tranaf-ey- s ystem 3 k 4— e -h angca the light rayo f - r - e t n a non 
pa^iiei — fee — a—g^ r - allcl — form - , — whieh — io "flti -drfe- ablo — fea? 
25 another ob j cot ion — to capture whole — *&&%&s — and re - 
form — fehe — imagca — onto — a — charge oo^ e g ^e — device-.— 
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4_ — lens -3 — 3ts — a pl^flo convcae lcna mad -e — — optica - 1 

glaao with an optical ■ nR djr& i coatara g — k=a£***e™-- « 77 - 5^mm)-. - 
The lcna — 4 — io Q doublc -- < soF 

len-s — m — spherica l — asd — fefe<s — ether — &ide — =te — as phorioal - 

(roppoefe 4- VG radiuo 1 6 7, 2 1C 4 mm and %S - ?QA &±5±-- gws>-- grid 

p lanco — 5 — ar-e — £ ormod— ef — s oda — l«ae — op t i — p 1 a n a r — g la oo 
providing — high — defte-arfcy — black — ewad — whifce — grido — &€ — hi^fe 
^ee<»l^t4e ?i and— k * gh cont - raofc and forracd with ■ t>l- te *a thin 
e hromium — e m ulsion ^ Doth aidco— o£ — the — gsp-i-d — planca — a^=e 

Figure 4 also shows a flash synchronisation cable 26, a 
second cooling £an 27, and a cable 28 for delivering bit 
stream data signal a from the analogue to digital 
converters 15 to the PC. 



20 



25 



-stt— glaoo con&frnecr 6 hao ort e— sphcrioal -^ iK b4e 
a$*€l:-of* c aophori - ea - l - side wit - lfr - a- piece of optical fil - fceg— ? 

arnd S at each aide. The #4-3rC-e-r3 7 and— £ arc uood £o a? 

abaorbk^- heat aftd— — removing t*- ltra voil& fe — ■ — light 

rQOp eefe- ivciy — £ iltcrs — inorcaoc — rcoolut i -€>n — €►£ — fe^ie 

lino- ^ grid when - i - fc — i -s pro j cotod — onto the oug - f -see o£ tho 
t arget — a-ad — prevent a - he arfe — energy — £*?em — changing — fcke 

eei- mcnaiono — &4 fe-he — glaoa — g^-^rd^ A — ^L-a nar — opti e a^ 

diffusion glaoo — 9 — diff - T *e<£fl — projected — light — to -p re vent 
hot - epe-fe — imaging — e*€ — a — f laoh — tube — eafee — the h u man — body 
which oart - bc cauood by— a - - grcatcr dopt - l> - of focuo wfo en— fcfee 
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ob j oqti4r*/e — lono — w orko - wa -tek — a — omal-3: — aperture. ft — hon e y 

oono ffie^ai — ae^ee-H — 3r0-* — wtfeh — — M-ght — epaeifcy — afc — anfee 

central — region— a ft d 5% — epa-eft*ae ity at — i-t-s — edge a-; — fealanaos 
ot*fer— a** optical - vignette caused by t - fo e— s hort - fe e a.1 lengbk 

*s — 3^ — screen — p^eedu^^ee — -a — more — qvor 

i~magc • 





&-H3L- igital — eawe^a — ll ha o an obj Qo - te a-'ve — leno — 3r3-7 — wfc 
•£orm a- majcimum— &4 — i^-S — oloao-^ a tancc, — agid: a high— apeed 
10 i/j^Q-Q — s econd — ge eal plane — s hutter — 3r3 — ie uocd ■ fe -®- - cut — 

ambient ii^tefe-. A C G& — 14ght — oon o oa? — i4 — i*e — built scan ner 

shown in a^— 4rh e focal pla **e— of the eem^ 

=€>-2 

pe^ge aal comput-G -3?- <rc) . 

is 

ftr- f la oh un-irfe — ineludea — a— oe oling — — 1-6 — and a ^- s haped 

#-la 3h tube — 3^ The — ^^g-h--tube haa --- a— t JV coating which 

eaf* — endu^-e — 3200 watt — pewe^ — energ y — a«3 — prod^ e e — 5600k 

s pectrum lig h t pulaoo - r - Flaoh ' intensity of — — jouloo 

20 p roduce — -s**£- f ieient i-Mjhfe pro j eot - i er-* with — -a — — flash 

duration - — 1/l GGfi accondo. A** — op tical — a?e^4reefeoae — 3rS-r 

madc — e£ — aluminium/ — eoH.ee tc — a*wi — dif fueco — f laoh — light 
#ape m- " Q 260 — degree — aftgl c and ro feHre cto the f laoh light fro 

^-Q-Q — degree 1 — — direct ioH ct^r-: A — eeapa*ni-e — lamp — bcna c ■ IP 

25 hejrds the f laah - t - tt b e ■ 17 which -asd is arranged to rcoow e 

■ trano f orrne - j * — ^9 — from D€ — e apaeitore 
Tfre - r -e — arc cixtecri capacitoro 2 4 — rated afe — 3 - 60V 
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aad- 1500 mi - < 3-e of arada eao* *-, and o *g frtt capacitors - 22 rated 

^ — 4^0 — yolks- — and — — mare-re f arado — eaeih A— rectifier 

oiTr^i-irfe — 2-3-; ^ra itin g — £^5- ^3 tor — 24 ■■ " ■eHft4- — f laah — trigger 

airoui-'CO' — 2-5 — oomplct-e — a — powe^ — suppl y — edr ^cu i t — £ea= — fche 

f laph ■utiart^ £fee — Mash unit — io arranged — feo gcleoti - v -e-ly 

p-ge ducc thrco lcvclo of - -inte e noity of '1 4gh^ — aamej ^ 40Q> 



10 



a— e ccond cooling fan 2 -9- ,— and a cable 28 for do -3rweg*flg 
kit — otrcs=ra - - data — &4^f*a-3rQ — g^em — fe&e — a nalogue — to digital 
gofiveefe erg 15 to-fc-kc PC, 



15 



20 



The acanncr ohowa- irB— the Figure 4 is typically about 400 

mm long, 150 mm wide and 400 mm high and weighs 6.72kg 
or 8.6kg (inel. Nikon Dl camera) and so is easily 
potablo — portable - 

Ab mentioned earlier, the data can be captured in leas 
than 1/1500 second for each exposure in a normal room 
light environment with 100 to 150 lux illumination-r 
eayr^ it is also not necessary for the subject to 

*pose' for extended periods of time in order for the to 

* pictures' to be taken. 
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